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EXECUTIVE SUMMARY
A Saltstone waste form was prepared in the Savannah River Technical Center (SRTC) shielded cells facility from a Tank 41H sample and Z-Area premix material. After a cure of at least 28 days, samples of the Saltstone were collected and characterized. Results showed that a Class 3 Industrial Solid Waste Landfill (ISWLF) would be required for disposal of this Tank 41H Saltstone waste form because of high leachate nitrate and alpha-emitting radionuclide concentrations.
INTRODUCTION
After evaluation of options for processing the Tank 41 salt solution, the SRS tank waste closure strategy may include immobilization of this salt solution in the SRS Saltstone facility. Tank 50 is the feed tank for the Saltstone process. In a separate study, the content of Tank 50 was sampled and immobilized in Saltstone. Results from characterization of this Tank 50 Saltstone have been documented as part of a separate report. Before initiating a treatment process for the Tank 41 salt solution, the technical basis is being examined for the disposition options.
Demonstration of a technical basis for immobilization of any waste stream in Saltstone requires
-demonstrating the waste stream solution can be processed at the SRS Saltstone facility -demonstrating the Saltstone waste form will qualify as a nonhazardous radioactive waste -demonstrating the Saltstone waste form will be compatible with the disposal facility Processability is established when characterization of a salt solution meets the Z-Area Waste Acceptance Criteria (WAC). 1 The WAC provides limits for radionuclide and chemical constituents and for physical properties. In addition, Tank 41 2 and Tank 50 3 Saltstone have been shown to qualify as nonhazardous radioactive waste forms. By passing the Toxicity Characterization Leaching Procedure (TCLP) test for the D-Code constituents, 4 Tank 41 and 50 Saltstones have now been shown to no longer display the characteristic of metal toxicity.
Demonstrating compatibility between the waste form and the disposal facility requires that a determination be made as to whether a Class 1, 2, or 3 Industrial Solid Waste Landfill (ISWLF) is required. This is based on the leachability of constituents of potential concern (COPCs) from the waste form. Leachability is evaluated by comparison of results from TCLP analyses to SCDHEC R.61-107.16 Subpart A 16.4 Maximum Contaminant Levels (MCLs) and Primary Remediation Goals (PRGs). 5 The objective of this report is to document results from tests performed to determine the appropriate ISWLF class for a Saltstone waste form if it were to contain Tank 41 salt solution. Results from radionuclide analyses have also been included. With the exception of radium-226, radium-228, and the total alpha emitter concentrations, these analytes are not included as COPCs in SCDHEC R61-107.16 Subpart A 16.4. Specifications for activities described in this report have been documented in the task plan for this work. 6 Tank 50 Saltstone had previously been shown to require a Class 3 ISWLF. 
Saltstone Preparation
Activities associated with preparation of the Saltstone samples were -collection of a three-liter sample from Tank 41 -mixing of Tank 41 dissolved salt with grout-forming additives -casting the Tank 41 Saltstone in forms for curing -size reduction of the cured Saltstone and sample collection -packaging and shipping of samples to BWXS On August 25, a 3-liter sample of salt solution was collected from Tank 41H and shipped to SRTC. The sample was transferred into the SRTC shielded cells facility where Saltstone samples were prepared from the salt solution, and a premix of cement, slag and fly ash as shown in Figure 2 . To accomodate other BWXS commitments and to ensure that the Tank 41 Saltstone samples did not exceed the USEPA SW-846 specified sample holding times, samples were allowed to cure for 32 days instead of 28 days. On September 29, Saltstone samples were crushed to generate material of particles with maximum diameters of less than 0.9 centimeter (3/8 inch). To minimize radiation exposure during sample leaching and subsequent leachate preparation and analysis, BWXS requested samples be aliquoted in the SRTC shielded cells facility prior to shipment. The size-reduced material was divided into samples as described in Table 1 . 7 Because of interferences, analyses were not successful at demonstrating that the leachate concentrations of fluoride was beneath the SCDHEC MCL. In addition, because instrumentation was not available to perform antimony, arsenic, lead and selenium analyses by the more sensitive atomic absorption methods, analyses were not successful at demonstrating the leachate concentrations of these analytes were beneath the SCDHEC MCLs. Therefore, the total concentrations of these five analytes were determined in the Tank 41 waste form in order to demonstrate their concentrations were low enough that the MCLs could not be exceeded. 
g Premix
TCLP Analyses
To determine compliance of the Tank 41 Saltstone waste form, TCLP (Method 1311) was performed and the leachate analyzed. TCLP leachates were treated and analyzed as follows:
-digestion and analysis of leachates for metal COPCs -analysis of leachates for anion COPCs -pretreatment and analysis of leachates for organic COPCs -separation and analysis of leachate for radionuclide analytes On October 1, BWXS received the samples and started the TCLP extraction according to USEPA SW-846 7 Method 1311. The only exception taken to the method was use of small samples (1 to 25 grams) instead of the specified 100-gram samples. To retain the integrity of the method, the extraction was performed with "...an amount of extraction fluid equal to 20 times the weight of the solid phase." 7 Semivolatile and volatile extractions were performed. The resulting leachates were filtered and pH-adjusted according to Method 1311. Table 1 shows which samples were used in each analysis.
Aliquots from the Method 1311 leachates were prepared and analyzed according to the methods shown in Figure 1 and outlined in Table 2 . In addition to the sample leachates, standard quality control samples were prepared and analyzed. These included matrix spikes, matrix spike duplicates, replicates, laboratory control samples, initial and continuing calibration standards and blanks, method blanks, digestion blanks, extraction blanks, internal standards, and mass spectrometer tune checks. 
Grout Analyses
The total antimony, arsenic, lead, selenium, and anions were determined in the grout. Table  3 is a summary of the methods used. Samples were treated and analyzed as follows:
-Digestion of grout samples for metals analyses -Analysis of digested grout samples for antimony, arsenic, lead, and selenium -Leaching of grout samples for anions analyses -Analysis of grout leachate for anions For the antimony, arsenic, lead, and selenium analyses, two aliquots were taken from Sample 41-TE1. These aliquots were digested using USEPA Method 3051. In addition to the nitric acid specified in Method 3051, hydrochloric acid was used in the digestion. Because of limited sample availability, triplicate aliquots were not available. The resulting duplicate digested samples were analyzed according to Method 6010B.
Aliquots from the Method 3051 digested samples were analyzed using Method 6010B. In addition to the sample leachates, standard quality control samples were prepared and analyzed. These included a matrix spike, matrix spike duplicate, laboratory control samples, post spike, initial and continuing calibration standards and blanks, a method blank and serial dilution.
In planning for these analyses, BWXS recommended additional samples be supplied for anion determinations in anticipation of acetate interference issues. Samples 41-WA1, 41-WA2, 41-WA3, 41-WA4, and 41-WA5 were provided for this purpose. These samples were leached according to EPA Method 300. Although not a USEPA SW-846 method, this is a standard USEPA method for quantitatively leaching water soluble anions from a sample. Samples 41-WA4 and 41-WA5 were to be used as a matrix spike and matrix spike duplicate.
Aliquots from the EPA Method 300 leachates were analyzed using Method 9056. In addition to the sample leachates, standard quality control samples were prepared and analyzed. These included laboratory control samples, initial and continuing calibration standards and blanks, and a method blank. Due to an oversight, neither a matrix spike and nor a matrix spike duplicate was prepared.
DISCUSSION
Results from the analyses have been presented in this chapter. Results were summarized from the data package for these analyses. For analytes detected at concentrations too low to determine quantitatively, results have been flagged with the standard data qualifiers. For analytes that were not detected, Method Detection Limits (MDLs) or Estimated Quantitation Limits (EQLs) have been given preceded by "<". When average values were reported in this chapter, uncertainties were given as standard deviations of the triplicate results.
Metals
Results have been presented in this section for analysis of metal COPCs in the TCLP leachate and of the total concentrations of antimony, arsenic, lead, and selenium in the Tank 41 Saltstone samples. Because antimony, arsenic, lead, and selenium could not be measured to concentrations below the MCLs, grout samples were digested, and the total concentrations of these four COPCs were determined. Results have been compared to the minimum concentration that would need to be present to exceed the MCLs during a TCLP analysis.
Analysis of Metals in TCLP Leachate
Results from TCLP leachate analyses have been given in Table 4 . In general, results were consistent with expected values. As shown in Table 4 , some analytes were detected in at least one of the blanks at concentrations similar to the sample results. USEPA Contract Laboratory Program (CLP) guidelines 9 indicate that when a COPC is detected in one of the blanks and in one of the samples, the sample result can be reported as a "nondetect" if the sample result is less than five times the concentration detected in the blank. Application of the CLP 5x rule would identify these sample results as "nondetects". Blank results have been given in Subsection 3.1.2.1.
Quality Assurance for Analysis of Metals in TCLP Leachate
The following subsections include summaries of results from blanks, matrix spikes, matrix spike duplicates, laboratory control samples, and post spikes. The data package for this task also includes data for calibration verifications, low level concentration standards, interference checks, serial dilutions, instrument detection limits, interelement correction factors, linear range analysis and concentrations that were used for determining the recoveries.
Blanks
Blank concentrations have been given in Table 5 . Several analytes were detected at concentrations too low to be considered quantitative. The high sodium concentration in the extraction blank was expected because results of the TCLP extraction fluid determination section identified the appropriate extraction fluid to be Extraction Fluid 1. Extraction Fluid 1 is a pH 4.93 buffer made from acetic acid and sodium hydroxide. Barium and zinc were detected above the EQL in the extraction blank but at trace levels. Beryllium was also detected above the EQL but at trace levels in some calibration blanks. Results were flagged if blank concentrations were high enough to apply the CLP 9 5x rule.
Matrix Spikes, Laboratory Control Samples, and Post Spikes
Results from the matrix spike, matrix spike duplicate, laboratory control samples, and post spike have been given in Table 6 . All matrix spike and matrix spike duplicate recoveries met specifications except for aluminum and iron. All relative percent differences between matrix spikes and matrix spike duplicates met specifications. All post spike results were acceptable except lithium. Although two laboratory control samples have been given in Table 6 , PB MS 640-45 was the applicable laboratory control sample for all analytes except mercury. For mercury, LCS P093-500 640-88 was the applicable laboratory control sample. The recovery for this laboratory control sample has also been given in Table 6 . 0.052 -Indicates a location in the table for which an entry would not be appropriate. 1 MDLs were from USEPA SW-846 MDL studies with standards in water. EQLs were estimated as ten times the MDLs. B Analyte is present at a concentration above the MDL but less than the EQL. N The matrix spike and matrix spike duplicate recoveries for these analytes were not within specified QA limits. Y Application of the CLP 5x rule would make this result a "nondetect" due to similar concentrations in the extraction blank.
Analysis of Antimony, Arsenic, Lead, and Selenium in Tank 41 Saltstone Samples
Results from analysis of the digested Tank 41 grout have been given in Table 7 for the analysis of antimony, arsenic, lead, and selenium. The MCLs given in Table 7 are the concentrations in the grout that would produce a TCLP leachate equal to the SCDHEC MCLs if all of the COPC were to be leached during a TCLP. Lead and selenium results indicated that these COPCs were present at concentrations greater than the MCLs. Because the selenium results were so close to the detection limits and because selenium was not detected in the Tank 41 salt solution, 10 the selenium results are suspect and may have been caused from interference by another analyte. Antimony and arsenic were determined to be below the MDLs; however, the MDLs were not low enough to establish whether the analytes were present in concentrations above the MCLs. Results from the blank analyses have been given in Table 8 . In addition, recoveries and RPDs have been given in Table 9 . -Indicates a location in the table for which an entry would not be appropriate. B Analyte was present at a concentration above the MDL but less than the EQL. Y Application of the CLP 5x rule to this value would indicate that the sample result should be considered a "nondetect". Z The high the extraction blank sodium concentration was due to one of the TCLP leachate components (sodium hydroxide).
Anions
Toxicity Characteristic Leaching Procedure (TCLP) leachate anion concentrations from the Tank 41 Saltstone waste form have been presented in this section. Because acetate in the TCLP leachate interfered with the fluoride determination, BWXS also determined the anion concentrations in the grout waste form itself by leaching the anions from a sample using EPA Method 300 and determining the anion concentrations in this leachate. 1 The acceptable range for matrix spike and matrix spike duplicate recoveries was from 75 to 125 percent. 2 To be acceptable, RPDs had to be less than 20 %. B Analyte is present at a concentration above the MDL but less than the EQL. N This recovery was outside of established acceptance limits. Sample results have been flagged in previous tables. Y Low value due to low spike relative to sample concentration. Since post spike was acceptable, no qualifier was warranted. 1 MDLs were from USEPA SW-846 MDL studies with standards in water. EQLs were estimated as ten times the MDLs. B Analyte is present at a concentration above the MDL but less than the EQL. Y Application of the CLP 5x rule would make this result a "nondetect" due to similar concentrations in the extraction blank. 1 The acceptable range for matrix spike, matrix spike duplicate, and post spike recoveries was from 75 to 125 percent. 2 To be acceptable, RPDs had to be less than 20 %. B Analyte is present at a concentration above the MDL but less than the EQL.
Analysis of Anions in TCLP Leachate
Results from TCLP leachate analyses have been given in Table 10 . The following conclusions can be made relative to the TCLP leachate anion analyses: -The MCL was exceeded for nitrate plus nitrite (as nitrogen) by more than a factor of one hundred. -The MCL was exceeded for sulfate by approximately a factor of two.
-Fluoride results were elevated due to interference from acetate in the TCLP leachate.
-No bromide, chloride, nitrite, or phosphate, were detected in the TCLP leachates.
Nitrate and sulfate concentrations exceeded the MCL. The nitrate concentrations were more than one hundred times the MCL for nitrate plus nitrite. The MCL for nitrate plus nitrite has been given in terms of nitrogen. Sulfate concentrations were approximately two times the MCL. These analyses met all QC specifications of SW-846 including requirements for matrix spike and laboratory recoveries, and precision indicators (RPD or RSD calculations).
Bromide, chloride, nitrite, and phosphate were not detected in any TCLP leachate samples. Chloride MDLs were low enough to show chloride concentrations were below the MCL. Neither bromide nor phosphate was a COPC, but these analytes are commonly reported with the other inorganic anions. Results could not be used to determine whether the TCLP leachate fluoride concentrations were below the MCL. 
Analysis of Anions in Tank 41 Saltstone
Results have been given in Table 11 for the total anion concentrations in the Tank 41 Saltstone samples. These concentrations were determined using a USEPA Method 300 preparation followed by a USEPA SW-846 Method 9056 (ion chromatography) analysis.
Results from the grout sample analyses were consistent with results from the TCLP leachate analyses. Nitrate plus nitrite concentrations were more than one hundred times the MCL in terms of nitrogen concentration from these two analytes. Sulfate concentrations were about two times the MCL for two samples. The third sulfate result appeared to be biased low for unknown reasons and was not used in calculating the average. Fluoride concentrations were shown to be approximately one fourth the MCL. 
Quality Assurance for Anion Analyses
Results from the matrix spike, laboratory control samples, blank analyses, and precision indicators have been given in Table 12 . Anion analyses met all quality control specifications. The TCLP extraction blank fluoride concentration was similar to sample results. For sulfate, two sample results were used to determine a RPD for the grout result. The third result appeared to be errant, and was not used in determining the average sulfate concentration. 
Organic Compounds
Toxicity Characteristic Leaching Procedure (TCLP) leachate organic analyte concentrations from the Tank 41 Saltstone waste form have been presented in this section. These analyses showed none of the COPCs was present above the MCLs. Toluene was detected at a very low concentration in one sample (at a concentration less than the USEPA SW-846 established MDL). Although a very low concentration of benzene was detected in one sample, benzene was also detected in the extraction blank. Application of the CLP 5x rule would identify the benzene results as a "nondetect".
Analysis of Organic Compounds in TCLP Leachate
Results from TCLP leachate analyses have been given in Table 13 . No organic analyte result was higher than the MCLs. Toluene was detected in one TCLP leachate sample at a concentration less than the EQL. For analytes not detected, the EQL has been given in Table preceded by a "<". Benzene "nondetects" have been presented as "<0.010". Although the benzene EQL was not less than the MCL, the benzene MDL was less than the MCL.
Quality Assurance for Analysis of Organic Compounds in TCLP Leachate
Results from the matrix spike, matrix spike duplicate, laboratory control samples, and extraction blank analyses have been given in Table 14 . Organic compound analyses met all quality control specifications except for the toluene matrix spike duplicate result. The toluene matrix spike duplicate recovery and the associated RPD were outside of acceptance ranges. This failure was indicative of a problem that was encountered in the purge and trap autosampler and was not indicative of poor quality in the sample data. 1 MDLs from USEPA SW-846 studies in water. EQLs were low calibration concentration. J Analyte is present at a concentration above the MDL but less than the EQL. B Application of the CLP 5x rule to this value would indicate that the sample result should be considered a "nondetect". Z Although a toluene peak was present in one sample, the concentration was less than the USEPA SW-846 established MDL. 
Radionuclides
Toxicity Characteristic Leaching Procedure (TCLP) leachate radionuclide results have been presented in Table 15 . The following conclusions can be made relative to these analyses: -The gross alpha results exceeded the MCL by more than a factor of one thousand. -Radium isotopes could not be determined to the MCL because of elevated background.
-Most beta and gamma activity was from cesium-137 and its daughter barium-137m.
-Most of the alpha activity was from plutonium-238 and curium-244.
Matrix spike and laboratory control sample recoveries, RPD measurements, and blank results have been reported in the data package for these analyses. These QC indicators were acceptable except promethium-147 laboratory control sample recovery and blank results which suggested the reported promethium-147 results could be significantly higher than the true concentration. Because some Sample 2 results appeared to be biased low, only Sample 1 and Sample 3 results were used to calculate averages for the uranium isotopes. The high curium-244 concentrations appear to have been due to contamination from the SRTC shielded cells since the measured curium-244 concentration was higher than the concentration that would have been present in the TCLP leachate assuming curium-244 in the Tank 41 salt solution 10 was completely leached from the Tank 41 Saltstone sample. -Indicates a location in the table for which an entry would not be appropriate. 1 MDAs from standard practices based on counting statistics. Z Although the reported activity was greater than the MDA, evaluation of the spectra showed no photopeak to be present.
CONCLUSIONS
Analyses were successfully performed on the Tank 41 grout samples. Because some QC failures occurred during the metal analyte determinations and because the TCLP leachate interfered with fluoride analyses, the metals and anion concentrations were also determined on the grout samples. SCDHEC forms and a copy of the chain of custody have been included as Appendix A.
Metals
Preparation of the Tank 41H Saltstone samples and the subsequent TCLP analyses showed -TCLP metal results were below SCDHEC MCLs except arsenic, lead, and selenium.
-TCLP leachate lithium concentrations were close to but slightly above the SCDHEC PRG.
-The laboratory MDL for antimony was higher than the MCL for this analyte.
-Results met all USEPA SW-846 QC specifications except aluminum and iron recoveries.
The TCLP leachate concentrations were less than MCLs in SCDHEC Regulations R.61-107.16, Subpart A, 16.4 except for arsenic, selenium, and lead. Arsenic results were approximately two times the MCL, and selenium concentrations were approximately three times the MCL. Although these results were above the MCL, they were less than ten times the MCL and therefore, arsenic and selenium results would not mandate disposal of the Tank 41 Saltstone in a Class 2 or 3 ISWLF. Because of instrumentation difficulties, the more sensitive atomic absorption analyses could not be completed. These analyses are being performed, and the associated data package is expected to be received at SRS by March 1, 2004 . Results will be communicated to Dennis Conrad or a designee; however, the current intent is not to revise this document unless these results are higher than the values given here.
No lead was detected in the TCLP leachate; however, these measurements were not sensitive enough to measure to below the MCL. The TCLP measurements were sensitive enough to show that leachate concentrations were less than 10 times the MCL. This was sufficient to show a Class 2 or 3 ISWLF would not be required by the lead result. Total lead concentrations in the Tank 41 Saltstone showed that if all of the lead were to be leached from the grout sample, the TCLP leachate would exceed the MCL by a factor of close to twenty.
The TCLP leachate concentrations were less than PRGs given in Reference 6 except for lithium. Lithium results were slightly (less than six percent) above the lithium PRG. In addition, the lithium post spike was high (134 %). Since matrix spike and matrix spike duplicate recoveries (113.9 % and 114.7 % respectively) were acceptable, the post spike did not constitute a QC failure but suggested a potential high bias in lithium results.
Analyses met all USEPA SW-846 quality assurance requirements except the matrix spike and matrix spike duplicate recoveries for aluminum and iron. Because the aluminum and iron results were well below the MCLs and because results from other COPCs mandated the more restrictive ISWLF classes, the total concentrations of these COPCs were not determined on the Tank 41 Saltstone samples.
Anions
Preparation of the Tank 41H Saltstone samples and the subsequent anion analyses showed -Nitrate concentrations were one hundred times the SCDHEC MCL for nitrate plus nitrite.
-Sulfate concentrations were greater than the SCDHEC MCL for sulfate.
-Chloride and fluoride were shown to be below SCDHEC MCLs.
-Bromide, chloride, and phosphate were not detected in any samples.
-Anions analyses met all QC specifications.
Anion concentrations were less than MCLs in SCDHEC Regulations R.61-107.16, Subpart A, 16.4 except for nitrate and sulfate. Nitrate results were slightly more than one hundred times the MCL, and sulfate results were about two times the MCLs. Because nitrate values were more than one hundred times the MCL, these results would mandate a Class 3 ISWLF. SCDHEC forms and a copy of the chain of custody have been included as Appendix A.
Chloride was not detected in any sample. Because of acetate interference, TCLP leachate results could not be used to determine fluoride at concentrations low enough to evaluate compliance with the MCLs. Fluoride was detected in one of the samples analyzed for total fluoride in the Tank 41 grout. This result indicated that if all fluoride were released during TCLP analyses, the leachate fluoride concentration would be about one fourth the MCL.
Organic Compounds
Concentrations of all organic COPCs were lower than the SCDHEC MCLs. Toluene was detected in one of the samples but at about one one-thousandth the MCL. The toluene MSD analysis was hindered by a purge and trap autosampler problem. As a result the toluene MSD recovery and the RPD were outside acceptance ranges. All other quality control specifications were met for the organic compound analyses. Benzene was detected but was categorized as a "nondetect" after applying the CLP 5x rule.
Radionuclides
Preparation of the Tank 41H Saltstone samples and the subsequent radionuclide analyses showed -Gross alpha concentrations were one thousand times the SCDHEC MCL for gross alpha.
-Radium isotopes were not determined to the SCDHEC MCL.
-Quality control indicators were indicative of quality results except for promethium-147.
Gross alpha results were more than one thousand times the MCL in SCDHEC Regulations R.61-107.16, Subpart A, 16.4 for gross alpha. Because gross alpha values were more than thirty times the MCL, these results would mandate a Class 3 ISWLF. Because the plutonium-238 results exceeded thirty times the MCL for total alpha-emitting radionuclides, the suspected curium-244 contamination of the samples (most likely from the SRTC shielded cells facility) did not impact the disposal facility classification. Radium isotopes were not determined to activities low enough to determine whether the TCLP leachate concentrations were below the MCL for these radionuclides.
SUMMARY
The most significant results from characterization of the Tank 41H 28-day cure Saltstone were -TCLP leachate nitrate and alpha results were high enough to require a Class 3 ISWLF.
-Five COPC TCLP leachate results were between the MCLs and ten times the MCLs.
-The Tank 41 Saltstone met requirements of a nonhazardous radioactive waste form.
After curing for more than 28 days, the Tank 41H Saltstone produced with Z-Area premix material exceeded thirty times the nitrate and gross alpha MCLs given in SCDHEC Regulations R.61-107.16, Subpart A, 16.4 indicating the waste form would require disposal in a Class 3 ISWLF. The nitrate results were consistent with previously reported results from TCLP analyses of the Tank 50 Saltstone. The higher gross alpha results were consistent with the concentration of alpha-emitting radionuclides in the Tank 41H salt solution.
Arsenic, selenium, and sulfate results exceeded the MCLs but were less than ten times the MCLs, and lithium results were slightly higher than the PRG. In addition, lead concentrations in the TCLP leachate were shown to be less than the lead MCL but could not be shown to be less than the MCL. Arsenic, selenium, and lead concentrations were close to the method detection limits. Therefore, these results have a higher degree of uncertainty associated with them than results for other analytes.
Previously TCLP analyses for the primary eight Resource Conservation and Recovery Act (RCRA) metals showed that after a five-day cure, the Tank 41H Saltstone met the requirements of a nonhazardous radioactive waste form. 2 Results from analysis of the 28-day Tank 41H Saltstone supported the previous analyses. Concentrations for the eight RCRA metals were similar for the two sets of analyses.
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